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The aim of the present study was the optimization of the extraction conditions (particle size, solid-
to-solvent ratio, extraction time and procedure) via total polyphenol content and radical scavenging
activity, using wild thyme (Thymus serpyllum L.) as a natural source of polyphenols. According to
the total polyphenols yield, particle size, solvent-to-solid ratio, and extraction technique have shown
statistically significant influence, whereas the exposure time has not been a relevant factor. In all three
extraction procedures (maceration, heat- and ultrasound-assisted extraction), the highest polyphenols
yield was reached using the smallest plant particles and the highest solvent-to-solid ratio. Moreover,
polyphenols content was significantly higher after ultrasound-assisted extraction, in comparison to
the extraction at room and high temperature. According to the antioxidant recovery, the influence of
different extraction parameters varied depending on the applied antioxidant tests and extraction pro-
cedures. 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) - ABTS radical scavenging capacity
of extracts followed the next trend: maceration and ultrasound-assisted extraction > heat-assisted ex-
traction, while in 2,2-diphenyl-1-picrylhydrazyl - DPPH neutralization: ultrasound-assisted extraction
> heat-assisted extraction >> maceration. The study represents an important step in the formulation
of antioxidant-rich extracts with potential use in food, pharmaceutical, and cosmetic industry.
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1. INTRODUCTION
Polyphenols, presented in various natural sources, possess
numerous biological effects, such are antioxidant, anticarcino-
genic, anti-inflammatory, gastroprotective, antiallergic and
antimicrobial properties (Boros et al., 2010; Nikolic´ et al., 2014;
Spormann et al., 2008). Therefore, polyphenol extracts can be
used as an ingredient in the production of healthy or func-
tional foods and as an active component in the pharmaceu-
tical products for potential treatment of different gastroin-
testinal, cardiovascular, respiratory and metabolic diseases
(González et al., 2019; Hosseinzadeh et al., 2015). Moreover,
polyphenol compounds, as plants’ secondary metabolites, can
be employed as food preservatives and antioxidants, partic-
ularly in meat and fish (Casiglia et al., 2015). Thus, with the
aim to produce a healthy, natural and low-cost alternative
to synthetic additives that can manifest some toxic effects,
different polyphenol extraction techniques were estimated
(Canadanovic-Brunet et al., 2006). Considering the great struc-
tural diversity of polyphenol compounds, it is important to op-
timize extraction conditions in order to extract maximal yield
of target substances from a certain plant source (Jovanovic
et al., 2017a). The aim of the presented study was the exami-
nation of the influence of different extraction conditions: (1)
particle size (0.3, 0.7 and 1.5 mm), (2) solvent-to-drug ratio
(10:1, 20:1 and 30:1), (3) extraction procedure (maceration, heat-
and ultrasound-assisted extraction) and (4) time (depending
on the applied extraction technique) on total polyphenols con-
tent and radical scavenging activity. This work represents
the expansion of previously published study (Jovanovic´ et al.,
2017b), with the aim to investigate different Thymus serpyllum
extracts obtained by using absolute ethanol.
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2. MATERIALS AND METHODS
2.1. Plant material and chemicals
Air dried and grounded wild thyme herb was obtained from
the Institute for Medicinal Plant Research ”Dr. Josif Pancˇic´”,
Serbia, and used as a plant source for polyphenol extraction.
Ethanol and sodium carbonate was purchased from Fisher
Scientific, UK; Folin-Ciocalteu reagent and gallic acid from
Merck, Germany; potassium persulfate from Centrohem, Ser-
bia; 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
- ABTS, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid - Trolox and 2,2-diphenyl-1-picrylhydrazyl - DPPH from
Sigma-Aldrich, USA.
2.2. Extraction
The extraction was carried out using (1) three sizes of plant
particles (0.3, 0.7 and 1.5 mm), (2) three solvent-to-solid ra-
tios (10:1, 20:1 and 30:1), and (3) five extraction times in the
case of maceration (5, 15, 30, 60 and 90 min) and three ex-
traction times in the case of heat- and ultrasound-assisted
extraction (5, 15 and 30 min), while absolute ethanol was used
as an extraction solvent. Three different extraction procedures
(maceration, heat- and ultrasound-assisted extraction) were
used and compared as well. Maceration was performed us-
ing Unimax 1010 air shaker (Heidolph, Germany) at 25 °C,
whereas heat-assisted extraction was carried out in the incu-
bator shaker KS 4000i control, (IKA, Germany) at 80 °C. The
ultrasound processor (750 W, Sonics, USA) with a converter
(20 kHz) and a solid titanium probe (diameter of 19 mm) were
used for ultrasound-assisted extraction, at amplitude of 80%.
2.3. Total polyphenol content
Total polyphenol content was determined according to the
previously used Folin-Ciocalteu procedure (Skotti et al., 2014).
Ethanol extracts (properly diluted, 20 µL), Folin-Ciocalteu
reagent water solution (100 µL, 1:2 v/v), sodium carbonate
water solution (300 µL, 20% m/V) and distilled water (1.58
mL) were mixed and the absorbance was measured after 2 h
at 765 nm, using UV spectrophotometer UV-1800 (Shimadzu,
Japan). The calibration curve was calculated using gallic acid
as a standard (100-700 mg/L), while the results were presented
as mg of gallic acid equivalents per g of drug (mg GAE/g).
2.4. Radical scavenging activity
2.4.1. ABTS assay
The assay was carried out using the procedure described by
Petrovic´ et al. (2016), ABTS·+ free radicals were generated by
mixing potassium persulfate water solution (3.8%, 88 µL) and
ABTS·+ water solution (0.38%, 5 mL) and keeping the reaction
mixture during 24 h at 4 °C. ABTS·+ radical solution was di-
luted using pure ethanol in order to achieve the absorbance
value of 0.700±0.02. Diluted solutions of the extracts (20 µL)
were added in ABTS·+ radical solution (2 mL) and the ab-
sorbance readings (As) were taken after 6 min at 734 nm. A
mixture of ABTS·+ radical solution (2 mL) and pure ethanol
(20 µL) was used as a control (Ac). ABTS·+ radical scavenging
activity was calculated using the following equation:
∆A = Ac − As
The calibration curve was calculated using Trolox as a stan-
dard (0.2-1.0 mM), and the results were expressed as mmol
Trolox equivalents per milliliter of extract (mmol Trolox/mL).
2.4.2. DPPH assay
The antioxidant capacity of wild thyme extracts was measured
in terms of hydrogen donating or radical scavenging activ-
ity, using the stable DPPH radical (Petrovic et al., 2019). All
samples were prepared as follows: 200 µL of five different con-
centrations of ethanol extract was mixed with 2.8 mL of the
DPPH radical solution (DPPH powder dissolved in ethanol)
and the absorbance (As) was read after 20 min at 517 nm. A
mixture of DPPH ethanol solution (2.8 mL) and pure ethanol
(200 µL) was used as a control (Ac). The antioxidant ability
was calculated as follows:




The results were expressed as IC50 (mg/mL), the concentration
of extract required to scavenge 50% of free radicals.
2.5. Statistical analysis
All extraction procedures, measurements and analyses were
done in triplicate. The statistical analysis was carried out
using the following statistical tools: analysis of variance (one-
way ANOVA), Duncan’s test, within the statistical software,
STATISTICA 7.0. The data in table and graphs are presented
as mean ± standard deviation, whereas the differences were
considered statistically significant at P<0.05. Independent
variables were particle size, solvent-to-solid ratio, extraction
procedure and time, while total polyphenols content and radi-
cal scavenging activity were dependent variables. The effects
and corresponding regression coefficients of factors and factor
interactions (within the first factorial design) were observed
as well.
3. RESULTS AND DISCUSSION
3.1. Total polyphenol content
The influence of the particle size, solvent-to-solid ratio and
time, using different procedures (maceration, heat- and
ultrasound-assisted extraction), on the polyphenols yield was
investigated. The contents of extracted polyphenols for all
tested conditions are presented in Table 1.
3.2. Maceration
Particle size is one of the important factors affecting the ex-
traction yield. Thus, the effect of plant particle size (0.3, 0.7
and 1.5 mm) on the total polyphenol amount in maceration is
presented in Table 1. According to the results, there was a sta-
tistically significant difference in phenolic content depending
on the particle size level. Polyphenol yield was significantly
higher (~60-75%) using 0.3 mm particles, compared to the
other two levels of particle size. Boros et al. (2010) showed
that the reduction of particle size (degradation of plant cell and
tissue, respectively), as well as the increasing of the surface
area led to the faster mass transfer and thus higher extraction
yield. The presented data are in agreement with previous
research which showed that the greatest yield of polyphenols
was obtained using the highest degree of grinding (Jovanovic
et al., 2017a).
Three solvent-to-solid ratios (10:1, 20:1 and 30:1) were selected
to evaluate the impact of the extraction solvent amount on
the total polyphenol content. In the maceration, there was
no statistically significant difference between 20:1 and 30:1
ratios, whereas 10:1 ratio gave significantly lower polyphenol
content (Table 1). Zdravkovic´ et al. (2012) also showed that
solvent:drug ratio increase above 15:1 only slightly increased
the polyphenol extraction yield, in case of maceration of nettle
leaves. However, previous studies have reported that the
extraction of polyphenols from natural sources is significantly
higher when larger quantities of extraction medium are used
(at room temperature); this prevents the extraction medium’
saturation and thus enhances polyphenols release (Jovanovic
et al., 2017a).
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Table 1. Total polyphenol content in different wild thyme (Thymus serpillum) extraction procedures
Total polyphenols content
Factor Level Macerationa Heat-assisted extraction Ultrasound-assisted extraction
[mg GAE/g] [mg GAE/g] [mg GAE/g]
Particle size (mm) 0.3 4.27 ± 0.57 a 7.08 ± 1.01 a 7.04 ± 1.03 a
0.7 2.72 ± 0.40 b 5.88 ± 0.73 b 5.61 ± 0.75 b
1.5 2.45 ± 0.37 b 4.55 ± 0.46 c 5.51 ± 0.70 b
Solvent-to-solid ratio 10:1 2.54 ± 0.58 b 4.16 ± 0.54 b 4.48 ± 0.39 b
20:1 3.40 ± 0.55 a 5.42 ± 0.68 ab 6.72 ± 0.56 a
30:1 3.50 ± 0.60 a 6.93 ± 0.99 a 7.66 ± 0.61 a
Time (min) 5 2.68 ± 0.54 bc 5.19 ± 1.12 a 5.93 ± 0.98 a
15 3.01 ± 0.36 b 5.05 ± 0.64 a 5.68 ± 0.75 a
30 2.97 ± 0.61 b 5.29 ± 0.94 a 5.84 ± 0.90 a
60 3.39 ± 0.67 ab - -
90 3.69 ± 0.72 a - -
aValues with the different letters in each column showed a statistically significant difference (P<0.05; n=3); GAE, gallic acid
equivalents; one-way analysis of variance followed by Duncan’s post-hoc test.
Since that extraction time represents an important factor that
should be optimized with the aim to minimize energy cost, the
maceration was carried out using five levels of the mentioned
parameter (5, 15, 30, 60 and 90 min). According to the data
presented in Table 1, the polyphenol content was increasing
continuously with the time, which was in agreement with the
literature (Vuleta et al., 2012; Zdravkovic´ et al., 2012). Namely,
based on Fick’s second law of diffusion (the extraction equi-
librium will be achieved after a certain time), prolonged ex-
traction time induces increment of polyphenol solubility, thus
better polyphenol release (Jovanovic et al., 2016). However,
further prolongation of maceration (after 90 min) did not cause
statistically significant increase in total polyphenol yield (data
not shown).
The influence of different particle size, solvent-to-solid ratio
and extraction time levels (in maceration) on ABTS and DPPH
radical scavenging activity of wild thyme extracts is shown in
Figure 1.
The mathematical relationship between dependent variable
(ABTS and DPPH radical scavenging activity, YABTS and
YDPPH) and independent variables (particle size-X1, solvent-
to-solid ratio-X2 and extraction time-X3), as well as their inter-
actions, in maceration, are presented through the Equations 1
and 2
YABTS = 4.05− 0.752X1 + 0.034X21 + 0.007X12 (1)
YDPPH = 32.21− 3.93X1 + 0.1899X21 + 1.08X3 + 0.03X13 (2)
As can be seen from Figure 1 and Eq. 1 and 2, both antioxidant
assays showed that particle size had a significant impact on
the antioxidant activity of wild thyme extract obtained using
maceration; linear term of particle size (X1) had a negative in-
fluence on the antioxidant activity, whereas the quadratic term
of particle size (X12) had a positive influence. The negative in-
fluence of linear term and positive influence of quadratic term
of particle size mean that antioxidant activity decreased with
particle size increase to a certain point, after which an increase
of particle size has a positive impact on antioxidant recovery.
Hydro-soluble polyphenols were mainly located in cell vac-
uoles, while most flavonoids and hydrophobic polyphenols
were found in the cell wall with proteins and polysaccha-
rides (Naczk and Shahidi, 2006), thus higher level of plant
material fragmentation was needed for significant antioxidant
activity against free radicals. Furthermore, with the increase
of solvent-to-solid ratio, antioxidant capacity against ABTS
Fig. 1. Surface 3D plots of the influence of extraction conditions
(particle size, solvent-to-solid ratio and extraction time) on ABTS
and DPPH radical scavenging activity of wild thyme extracts, in
maceration.
and DPPH radicals did not increase (Figure 1, Eq. 1 and 2).
Apart from that, prolonged maceration time caused slight in-
crease of DPPH antioxidant capacity of wild thyme extracts
in both assays (Figure 1, Eq. 2) that was in agreement with
total polyphenol content (Table 1). As can be seen from Eq. 1,
there was a significant interaction between particle size and
solid-to-solvent ratio, which indicated that the effect of the
particle size on ABTS antioxidant activity was not the same at
all solid-to-solvent ratios. Moreover, there was a significant
interaction between particle size and extraction time in DPPH
antioxidant activity (Eq. 2).
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3.3. Heat-assisted extraction
As can be seen in Table 1, the polyphenol yield was gradually
enhanced with an increase in the degree of fragmentation of
the herbal drug. Therefore, the highest content of polyphenols
was achieved using a particle size of 0.3 mm, while the lowest
was obtained by the extraction of 1.5 mm diameter particles.
According to Bucic´-Kojic´ et al. (2007), there is a synergistic ef-
fect of high temperature and level of material defragmentation
on extraction kinetics and yields.
Furthermore, the same trend in gradually enhanced polyphe-
nol yield with the increase of the solvent-to-solid ratio (Table
1, 10:1 < 20:1 < 30:1). Namely, high temperature decreases
solvent viscosity and causes faster mass transfer, polyphenols
release, and consequently rapid extraction solvent saturation.
Thus, with the increment of the solvent-to-solid ratio, the
polyphenols level in the extracts increases as well (Jovanovic
et al., 2017a).
The presented results of heat-assisted extraction indicate that
there was no statistically significant difference among differ-
ent extraction time levels (Table 1). Several studies have con-
firmed that there was not any significant difference between
the polyphenols extracts obtained by different exposure times
at high temperatures (Dent et al., 2013; Jovanovic et al., 2017a;
Vergara-Salinas et al., 2012). Moreover, high temperature and
prolonged extraction time can induce the reduction of the total
polyphenol content, since polyphenol compounds are ther-
mosensitive, as well as susceptible to enzymatic degradation,
polymerization and oxidation (Vergara-Salinas et al., 2012).
When considering all the tested parameters, total polyphe-
nol content was significantly higher in heat-assisted extrac-
tion, compared to maceration (Table 1). Thermal energy in-
creases cell membrane permeability, causes the breakdown
of secondary metabolites-herbal matrix connections, and con-
sequently enhances mass transfer and polyphenols yield (Jo-
vanovic et al., 2017a; Vergara-Salinas et al., 2012). Moreover,
higher polyphenol content was obtained after 5 min of the
extraction at 80 °C, than after 90 min of maceration.
Different degrees of plant material fragmentation showed a
significant influence on the ABTS and DPPH radical scaveng-
ing activity of wild thyme extracts obtained by using high
temperature (Figure 2, Eq. 3 and 4).
YABTS = 1.82 + 0.025X21 + 0.304X2 − 0.005X22 + 0.006X23−
0.008X12 − 0.011X13
(3)
YDPPH = 11.74 + 0.67X1 (4)
According to Eq. 3, quadratic term of particle size (X12), lin-
ear and quadratic terms of solid-to-solvent ratio (X2, X22),
quadratic term of extraction time (X32), as well as interaction
of particle size and solid-to-solvent ratio (X12) and interaction
of particle size and time (X13) had a significant influence on
ABTS antioxidant activity of wild thyme extracts. However,
linear term of solid-to-solvent ratio had a positive impact on
the ABTS antioxidant activity, whereas the quadratic term of
particle size had a negative impact, thus antioxidant capacity
increased with solid-to-solvent ratio increase to a certain point,
after which an increase of solid-to-solvent ratio resulted in a
negative effect on ABTS radical scavenging capacity. Again,
higher levels of plant material degradation intensified scav-
enging activity against ABTS and DPPH radicals and thus
better results were obtained using the smallest particles. In
DPPH method, solvent-to-solid ratio did not show significant
impact (Figure 2, Eq. 4). In DPPH assay, extraction time did
not have statistically significant influence on radical scaveng-
ing capacity (Figure 2, Eq. 4), which was in correlation with
total polyphenol content (Table 1). As can be seen from Eq.
3, there was a statistically significant effect of the interaction
Fig. 2. Surface 3D plots of the influence of extraction conditions
(particle size, solvent-to-solid ratio and extraction time) on ABTS
and DPPH radical scavenging activity of wild thyme extracts, in
heat-assisted extraction.
between particle size and solid-to-solvent ratio and between
particle size and time, which indicated that the influence of the
particle size on ABTS antioxidant activity was not the same at
all solid-to-solvent and exposure time levels.
3.4. Ultrasound-assisted extraction
The highest total polyphenol amount was achieved using
ultrasound-assisted extraction of 0.3 mm diameter particles,
whereas the lower extraction yield was obtained using larger
particles. Sun et al. (2011) also showed that the polyphenol
yields in ultrasound extraction increased with the particle size
decrease. It could be assumed that plant material fragmenta-
tion, together with the destructive effects of ultrasound could
cause higher polyphenol release (Jovanovic et al., 2017a; Sun
et al., 2011).
According to the presented results (Table 1), polyphenol con-
tent in the extracts obtained in ultrasound-assisted extraction
rose with the increase of the solvent-to-solid ratio, except that
there was no difference between 20:1 and 30:1 ratios, suggest-
ing that equilibrium was reached with the former. Previous
studies showed that total polyphenols yield increased quickly
with the increase of solvent-to-solid ratio, using the same ex-
traction method (Bucic´-Kojic´ et al., 2007; Galvan d’Alessandro
et al., 2012; Hammi et al., 2015; Sun et al., 2011). Ultrasound
waves induce degradation of plant cell walls, decrease of parti-
cle size and the enhancement of contact surface, which lead the
higher mass transfer rate and faster saturation of solvent (Gal-
van d’Alessandro et al., 2012; Hammi et al., 2015; Jovanovic
et al., 2016; Sun et al., 2011). On the other hand, in the vis-
cous extraction surrounding (the presence of large amounts of
herbal drug, at 10:1 ratio) the expansion of ultrasound waves
and diffusion of polyphenols were inhibited (Jovanovic et al.,
2017a).
Similar to the extraction at high temperature, there was no
statistically significant difference between different exposure
times in ultrasound-assisted polyphenol extraction (Table 1).
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Sun et al. (2011) found that there were no observable polyphe-
nol yield changes when the extraction time was prolonged.
Higher total polyphenol content in the extracts obtained us-
ing ultrasound-assisted extraction and shorter exposure time
periods, in comparison to traditional extraction procedures,
was previously demonstrated (Jovanovic et al., 2016; Sun et al.,
2011). Apart from that, prolonged ultrasound waves’ exposure
can cause a decrease of polyphenol yield, because of the active
compounds degradation and the production of free radicals
(Jovanovic et al., 2016).
When other parameters were varied, polyphenol yield was sig-
nificantly higher after ultrasound-assisted extraction, in com-
parison to the extraction at room temperature (Table 1). As can
be seen from Table 1, a greater total polyphenols amount was
obtained after 5 min of the extraction using ultrasound probe,
compared to all investigated maceration times. According to
the literature, ultrasound-assisted extraction provides higher
yield of polyphenols during shorter exposure time, in com-
parison to the conventional extraction techniques (Sun et al.,
2011; Zdravkovic´ et al., 2012). On the one hand, the ultrasonic
waves cause extensive destruction of plant cells and release of
cell content, while on the other, penetration of solvent induces
the enhancement of molecule mass transfer and acceleration
of the extraction process (Galvan d’Alessandro et al., 2012;
Hammi et al., 2015).
In DPPH test, it was shown that particle size significantly
affected radical scavenging capacity; using higher defragmen-
tation levels of material gave better results when considering
antioxidant activity (Figure 3, Eq. 6).
Fig. 3. Surface 3D plots of the influence of extraction conditions
(particle size, solvent-to-solid ratio and extraction time) on ABTS
and DPPH radical scavenging activity of wild thyme extracts, in
ultrasound-assisted extraction.
YABTS = −0.6 + 0.462X2 − 0.009X22 + 0.003X23
− 0.006X12 − 0.005X13
(5)
YDPPH = 10.69 + 0.59X1 − 0.015X21 − 0.258X2 (6)
According to Eq. 5, linear and quadratic terms of solid-to-
solvent ratio (X2, X22), quadratic term of extraction time
(X32), as well as interaction between particle size and solid-to-
solvent ratio (X12) and interaction between particle size and
time (X13) had a significant impact on ABTS antioxidant capac-
ity. However, in DPPH assay, only linear and quadratic terms
of particle size (X1, X12) and linear term of solid-to-solvent
ratio (X2) have shown significant influence on radical scaveng-
ing capacity. Regarding the quantity of extraction medium
in ultrasound-assisted extraction, with the increase of solvent
quantity ABTS and DPPH antioxidant capacity increased as
well (Figure 3, Eq. 5 and 6). It can be noted that linear term of
solid-to-solvent ratio had a positive effect on the ABTS radical
scavenging antioxidant capacity, while the quadratic term has
shown a negative impact (Eq. 5); antioxidant recovery en-
hanced with the increase of solid-to-solvent ratio, but only to a
certain point, after which an increase of solid-to-solvent ratio
has caused a decrease of ABTS antioxidant activity. The posi-
tive impact of linear term and negative influence of quadratic
term of particle size on DPPH antioxidant activity (Eq. 6)
mean that antioxidant capacity increased with particle size in-
crease to a certain point; after that further particle size increase
has caused lower antioxidant capacity. In DPPH assay, the
exposure time did not have significant impact on antioxidant
activity of wild thyme extracts (Figure 3, Eq. 6), which was in
correlation with total polyphenol content (Table 1). Further-
more, prolonged ultrasound extraction time can lower the an-
tioxidant capacity of extracts, due to free radicals production
by the ultrasonic waves Jovanovic et al. (2017a). According
to Vergara-Salinas et al. (2012), long exposure to ultrasound
waves can reduce yield of antioxidant compounds. As can be
seen from Eq. 5, there was a statistically significant impact
of the interaction between particle size and solid-to-solvent
ratio and between particle size and extraction time, in ABTS
antioxidant activity. As can be seen from Figure 2, the extracts
obtained by maceration and ultrasound-assisted extraction
possessed the best ABTS radical scavenging capacity.
According to DPPH assay, better antioxidant effect reached
in ultrasound-assisted extraction (compared to maceration
and heat-assisted extraction) could be explained by the mecha-
nism of ultrasound waves that included excessive degradation
of the cell walls and decrease of the particle size, as well as
higher release of the antioxidant polyphenols into the extrac-
tion medium (Galvan d’Alessandro et al., 2012; Hammi et al.,
2015; Jovanovic et al., 2017a). Likely, the compounds respon-
sible for DPPH neutralization might be bound to plant cell
walls, so the assistance of ultrasound waves may increase
their concentration in the extracts. whereas the antioxidants
for ABTS radical scavenging activity can be released without
the assistance of ultrasound waves and moreover, the expo-
sure of sonication can damage already extracted polyphenols
antioxidants (Jovanovic et al., 2017a).
CONCLUSION
In the present study, the impact of different particle size,
solvent-to-solid ratio and extraction time levels on the
polyphenol extraction from wild thyme using three extraction
procedures (maceration, heat- and ultrasound-assisted extrac-
tion) was evaluated. According to the total polyphenols yield,
the presented data indicated that particle size, solvent-to-solid
ratio and extraction technique have shown statistically signifi-
cant effect, whereas the exposure time was shown not to be a
significant factor. In all three extraction procedures, the best
polyphenols yield was achieved by using the smallest particles
and the highest solvent-to-solid ratio. Moreover, polyphenols
yields were significantly better after ultrasound-assisted ex-
traction, in comparison to the extraction at room and high
temperature. The antioxidant activity varied depending on
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Fig. 4. Mean plots of the influence of different extraction proce-
dures; M - maceration, HAE - heat-assisted extraction and UAE -
ultrasound-assisted extraction on ABTS (A) and DPPH (B) radical
scavenging activity of wild thyme extracts; IC50, the concentration
of extract required to scavenge 50% of free DPPH radicals; different
letters denote statistically significant difference among mean values
according to Tuckey HSD post-hoc test at level P<0.05.
different extraction parameters and applied antioxidant assays.
In ABTS test, particle size did not have significant impact on
the antioxidant capacity of wild thyme extract obtained us-
ing maceration, whereas, in DPPH assay with the decrease of
particle size, the antioxidant activity increased, in all three ex-
traction techniques. With the increase of solvent-to-solid ratio
ABTS antioxidant capacity increased as well, whereas in DPPH
radical scavenging activity, the same parameter did not have
a statistically significant influence. In maceration, prolonged
extraction time has caused slight increase of ABTS and DPPH
antioxidant capacity. Furthermore, in both antioxidant assays,
exposure time did not have regular and significant influence
on antioxidant capacity of wild thyme extracts obtained by
using heat- and ultrasound-assisted extraction, which was in
agreement with the total polyphenols yield. ABTS radical scav-
enging capacity of various wild thyme extracts followed the
next trend: maceration and ultrasound-assisted extraction >
heat-assisted extraction, and in opposite, in DPPH neutraliza-
tion: ultrasound-assisted extraction > heat-assisted extraction »
maceration. The study represents an important step in formu-
lation of antioxidant-rich extracts with potential use in food,
pharmaceutical, and cosmetic industry.
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